Rationale: Obstructive sleep apnea (OSA) during REM sleep is a common disorder. Data on whether OSA that occurs predominantly during REM sleep is associated with health outcomes are limited.
At a Glance Commentary
Scientific Knowledge on the Subject: Severe obstructive sleep apnea (OSA) that occurs exclusively during REM sleep is associated with recurrent cardiovascular events in those with prevalent cardiovascular disease.
What This Study Adds to the Field: This study seeks to determine whether OSA primarily during REM sleep increases the risk of cardiovascular disease. Severe OSA that is present only during REM sleep is associated with recurrent cardiovascular events in people who have prevalent cardiovascular disease.
It is well recognized that upper airway collapsibility and the severity of obstructive sleep apnea (OSA) can vary as a function of sleep stage (1) . Rapid eye movement (REM) sleep, which typically accounts for 20-25% of total sleep time, is associated with distinct physiological alterations that influence upper airway function. For example, during REM sleep, there is a decrease in adrenergic and serotonergic control of the pharyngeal dilator muscles with accompanying cholinergic-mediated suppression of genioglossus activity. Consequently, there is an increased propensity for upper airway collapse (2, 3) . In addition, OSA events during REM sleep are typically longer, more frequent, and are associated with greater oxyhemoglobin desaturation than events during non-REM (NREM) sleep. Furthermore, REM sleep is also associated with marked hemodynamic variability and an increase in sympathetic activity and myocardial demand (4) (5) (6) .
Given the distinct physiologic characteristics of REM sleep, it is not surprising that OSA is common during REM sleep. In fact, 10-37% of patients referred for evaluation of OSA have apneas and/or hypopneas exclusively during REM sleep (7) (8) (9) (10) (11) . Despite the frequent occurrence of OSA events during REM sleep, evidence of their health sequelae has been inconsistent. A few clinic-based studies have shown that OSA during REM sleep is associated with objective sleepiness (12) and that treatment may improve subjective sleepiness and quality of life (13) . However, population-based studies have not confirmed these findings (14) (15) (16) . Although limited, recent evidence on the cardiometabolic implications of OSA that occurs primarily during REM sleep is relatively consistent. REM sleep-related OSA has been independently associated with prevalent and incident hypertension (17, 18) as well as impairments in glucose metabolism (15, (19) (20) (21) . Although hypertension and metabolic dysfunction can heighten the risk for cardiovascular disease, the potential influence of REM sleep-specific OSA on cardiovascular endpoints, such as myocardial infarction, stroke, coronary revascularization, and congestive heart failure, remains to be delineated. Without this evidence, the decision whether to treat patients with OSA only during REM sleep is challenging. Thus, the primary objective of the current investigation was to characterize the association between REM sleep-related OSA and a composite cardiovascular endpoint in a community-based cohort of middle-aged and older persons with and without cardiovascular disease.
Methods

Study Sample
The Sleep Heart Health Study is a prospective cohort study of cardiovascular consequences of OSA. Details of the study design and cohort follow-up have been reported previously (22) . Between 1995 and 1998, study participants were recruited from ongoing cohort studies, including the Framingham Offspring and Omni Study, the Atherosclerosis Risk in Communities Study, the Cardiovascular Health Study, the Strong Heart Study, and the cohort studies of respiratory disease in Tucson. Participants were at least 40 years of age and were not on treatment for OSA with positive airway pressure, oral appliance, oxygen, or tracheostomy. All participants provided written consent, and the study protocol was approved by the institutional review board of each field site. Of the 5,681 participants who completed the baseline examination and had data on cardiovascular events, 3,265 participants without OSA during NREM sleep constituted the analysis sample for the current study.
Data Collection
All participants completed a baseline examination including a detailed health interview, unattended home polysomnogram, and measurements of blood pressure and anthopometry. Prevalent cardiovascular disease, determined by adjudicated surveillance data provided by the parent cohorts or by self-report at enrollment, included a history of physician-diagnosed myocardial infarction, stroke, coronary revascularization, and heart failure. Anthopometric measures, including weight, height, and waist girth, were obtained at the time of the sleep study by trained technicians. The sleep study was conducted using a portable monitor (P-Series; Compumedics). The following signals were recorded: C 3 /A 1 and C 4 /A 2 electroencephalograms, bilateral electrooculograms, a single bipolar electrocardiogram, a chin electromyogram, oxyhemoglobin saturation by pulse oximetry, chest and abdominal excursion by inductance plethysmography, airflow by an oronasal thermocouple, and body position by a mercury gauge. Details of polysomnographic equipment, hook-up procedures, failure rates, scoring, and quality assurance and control have been published previously (23) . Apneas were identified if airflow was absent or nearly absent for at least 10 seconds. Apneas were further classified as obstructive if movement on either the chest or abdominal inductance channels was noted, or as central if no displacement was observed on both of these channels. Hypopneas were scored if there was at least 30% reduction in airflow or thoracoabdominal movement below baseline values for at least 10 seconds. The apnea-hypopnea index (AHI) was defined as the number of apneas and hypopneas, each associated with at least a 4% decrease in oxygen saturation per hour of sleep. An arousal index was derived as the total number of arousals per hour of sleep according to standard criteria (24) . Only those participants with at least 30 minutes of REM sleep were included in the analysis to allow for a representative estimate of the REM AHI. Sensitivity analyses were also conducted requiring at least 15 minutes of REM sleep, which led to the inclusion of an additional 110 participants. These analyses showed no material differences in overall inferences, and thus to improve estimation of REM AHI, a threshold of 30 minutes was used.
During the follow-up period, the first occurrence of a cardiovascular event either nonfatal or fatal, the primary endpoint for this report, was identified and confirmed by the respective parent cohort using multiple concurrent approaches, including follow-up interviews, written annual questionnaires or telephone contacts with study subjects or next of kin, surveillance of local hospital records, and community obituaries. Using these methods, a total of 749 cardiovascular events was identified for the current study sample. Cardiovascular events of interest included the following: myocardial infarction (nonfatal or fatal); percutaneous coronary angioplasty; coronary artery bypass grafting; stroke (nonfatal or fatal); and occurrence of a heart failure episode. Incident hypertension was not included in the definition of the composite endpoint.
Statistical Analysis
Event rates were determined by dividing the number of events by the total number of person-years at risk. The REM AHI was categorized using commonly used clinical cutoff points: less than 5 (normal), 5.0-14.9 (mild disease), 15.0-29.9 (moderate disease), and 30.0 or more events/h (severe disease). Sensitivity analyses showed that inferences regarding the association between OSA severity and the cardiovascular endpoint were similar regardless of whether the REM AHI was categorized using clinical or quartile-based thresholds. Thus, the AHI was modeled as a categorical variable using the above clinical cut points to ease exposition. Kaplan-Meier plots were used to evaluate the association of REM AHI with the composite cardiovascular endpoint. Proportional hazards regression allowed for determination of unadjusted as well as adjusted relative hazard ratios for the occurrence of the composite cardiovascular endpoint. Covariates in the multivariable models included age, sex, race, smoking status (current, former, or never), and body mass index (BMI). Given the high degree of collinearity between BMI and waist circumference (r = 0.76), BMI was used as the covariate to account for obesity. To account for potential confounding, preexisting medical conditions (e.g., prevalent hypertension and diabetes) at enrollment were also included as covariates. Inclusion of self-reported habitual sleep duration did not materially change the point estimates relating REM AHI to the composite cardiovascular endpoint, and thus it was not included in the final multivariable models for parsimony. To examine the influence of REM AHI on the composite cardiovascular endpoint, models were stratified by prevalent cardiovascular disease at the baseline visit. The SAS 9.0 software package (SAS Institute Inc.) was used for all analyses.
Results
The selection of the analytical sample from the larger cohort of the Sleep Heart Health Study is shown in Figure 1 . The subset of those with an NREM AHI of less than 5 events/h included 452 and 2,813 participants with and without prevalent cardiovascular disease, respectively. Demographic and covariate data for the entire analysis sample, stratified by prevalent cardiovascular disease, are presented in Table 1 . Participants with prevalent cardiovascular disease were older, had a higher BMI, and included more men than those without prevalent cardiovascular disease. In addition, the subgroup with prevalent cardiovascular disease included a greater proportion of non-white participants and former smokers, and had a higher prevalence of hypertension, diabetes, and REM sleep-related OSA. The distribution of REM AHI in the sample was as follows: 27.7% had mild disease (REM AHI: 5.0-14.9 events/h); 13.0% had moderate disease (REM AHI: 15.0-29.9 events/h); and 5.5% had severe disease (REM AHI >30 events/h). Not surprisingly, the proportion of those with moderate (31.9% vs. 17.5%; P , 0.001) and severe (14.4% vs. 8.6%; P = 0.013) REM sleep-related OSA was greater in those with than those without prevalent cardiovascular disease.
In total, the composite endpoint was observed in 749 participants, and the distribution of the first event was as follows: 418 were coronary artery disease events (e.g., myocardial infarction or coronary revascularization procedure); 233 were heart failure events; and 98 were strokes. Stratified analyses showed that the composite cardiovascular endpoint was observed in 53.5% and 18.0% of participants with and without prevalent cardiovascular disease, respectively (P , 0.001). Kaplan-Meier survival curves as a function of REM AHI for the sample stratified are shown in Figure 2 . Moderate and severe OSA during REM sleep (REM AHI >15 events/h) were associated with a higher crude event rate for the composite cardiovascular endpoint. For example, as shown in Table 2 , the unadjusted crude event rates for a REM AHI of 15.0-29.9 and 30 events/h or greater were 30.5 and 29.9 per 1,000 person-years, respectively, compared with 19.2 per 1,000 person-years in those with a REM AHI of less than 5 events/h. To determine whether REM AHI was independently associated with the occurrence of the composite cardiovascular endpoint, proportional hazards regression models were used. Nested models were used to assess incremental effects of various potentially confounding covariates on the association between the REM AHI and the composite cardiovascular endpoint. The base model included REM AHI as a categorical variable with adjustments for age, sex, race, BMI, and smoking status. The second model added prevalent diabetes mellitus and hypertension to the base model. Prevalent cardiovascular disease was added as a covariate in the model with all of the participants, but not in the models stratified by cardiovascular disease. 
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Proportional hazards models using the nonstratified sample revealed that a REM AHI 30 events/h or greater was associated with a higher risk for the composite cardiovascular endpoint ( Analyses were also conducted using the percent of REM sleep time below an oxygen saturation of 90% to quantify the degree of OSA. After adjusting for demographic covariates and prevalent comorbidity, an independent association was noted between the percent of REM sleep time below an oxygen saturation of 90% and the composite cardiovascular endpoint. The association seemed to be driven by those with the greatest percentage of REM sleep time spent below an oxygen saturation of 90% and prevalent cardiovascular disease (Table 3) . Finally, no associations were noted between the frequency of REM sleep-related arousals and the composite cardiovascular endpoint (Table 4) .
Discussion
The results of the current study demonstrate several relevant findings about the association between REM sleep-specific OSA and cardiovascular disease. First, OSA occurring exclusively during REM sleep is associated with recurrence of cardiovascular disease in a communitybased cohort of middle-to older-aged adults after adjustment for demographic characteristics, smoking status, hypertension, and diabetes. Second, the noted association was driven primarily by those individuals with underlying prevalent cardiovascular disease. Next, analyses of physiological indices of OSA demonstrated that severity of REM sleep-related hypoxemia, defined as the percent of REM time below an oxygen saturation of 90%, was marginally associated with the composite cardiovascular endpoint. Finally, no associations were identified between the frequency of arousals during REM sleep and cardiovascular disease. OSA during REM sleep has become a topic of significant clinical debate and research over the last decade. Results from studies examining objective and subjective Definition of abbreviations: AHI = apnea-hypopnea index; BMI = body mass index; CVD = cardiovascular disease. *P value for comparisons of age, BMI, waist girth, sex, race, smoking status, hypertension, diabetes, and CVD between participants with and without CVD using x 2 and analysis of variance to compare categorical and continuous variables, respectively. † CVD defined as myocardial infarction, heart failure, stroke, or any coronary revascularization procedure. sleepiness, as well as quality of life, have largely been conflicting, with some clinic-based studies demonstrating an association between and OSA during REM sleep, objective sleepiness (12), and health-related quality-of-life surveys (13) . Population-based studies, however, have not replicated such associations (13) (14) (15) . Interestingly, research on the influence of OSA during REM sleep and cardiometabolic outcomes, specifically hypertension and alterations in glucose metabolism, has yielded somewhat more consistent results (19, 20) . For example, cross-sectional analyses of two distinct patient samples with type 2 diabetes have shown that glycemic control, as assessed by glycosylated hemoglobin, is associated with the REM AHI, but not the NREM AHI (20) . Previous analyses of the Sleep Heart Health Study data have also shown that insulin resistance, as determined by the homeostatic model assessment of insulin resistance, is associated with the severity of OSA during REM sleep (19) . When hypertension is considered as an outcome, the evidence, which is derived primarily from community-based studies, is relatively concordant. Data from the Wisconsin Sleep Cohort Study have shown an association between severe REM sleep-related OSA (REM AHI >15 events/h) and prevalent as well incident hypertension, particularly when ambulatory blood pressure monitoring is used (18) . Incident nocturnal nondipping of both systolic and diastolic blood pressures on ambulatory blood pressure monitoring were noted in those with severe OSA during Definition of abbreviations: AHI = apnea-hypopnea index; CI = confidence interval; CVD = cardiovascular disease; HR = hazard ratio. *Crude event rate per 1,000 person-years. † Model 1: adjusted for age (continuous), sex, race, body mass index (continuous), and smoking status (never, former, current). ‡ Model 2: adjusted for covariates of model 1 and prevalent hypertension and diabetes.
x For models with all participants, prevalent CVD was included as a covariate in model 2. Definition of abbreviations: AHI = apena-hypopnea index; CI = confidence interval; CVD = cardiovascular disease; HR = hazard ratio; NREM = non-REM; Q = quartile; Sp O 2 = oxygen saturation as measured by pulse oximetry. *Crude event rate per 1,000 person-years. † Model 1: adjusted for age (continuous), sex, race, body mass index (continuous), and smoking status (never, former, current). ‡ Model 2: adjusted for covariates of model 1 and prevalent hypertension and diabetes.
x For models with all participants, prevalent CVD was included as a covariate in model 2.
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REM sleep (25) . Similar results linking REM AHI to prevalent and recent-onset hypertension were also reported in a community-based cohort of over 700 men (17) . The current investigation extends the limited body of evidence and provides unique insights on the cardiometabolic consequences of REM sleep-specific OSA by demonstrating an independent association with the development of downstream, clinically relevant cardiovascular endpoints in susceptible individuals (i.e., those with prevalent cardiovascular disease). Indeed, prior work on OSA occurring both during NREM and REM sleep has also supported an association with subsequent major cardiovascular and cerebrovascular events in those with underlying cardiovascular disease (26) (27) (28) (29) (30) (31) (32) (33) . However, the findings from the present study are distinct in that they indicate that, despite the limited duration and exposure time seen with OSA confined to REM sleep, an independent association persists with recurrent cardiovascular events.
The noted association could be driven by OSA-associated nocturnal hypoxemia. Given the preponderance of evidence demonstrating an association between OSA and cardiovascular outcomes in those with prevalent cardiovascular disease, it is surprising that the literature on the effects of continuous positive airway pressure (CPAP) has not shown a consistent beneficial effect. For example, three separate observational studies (34) (35) (36) and one randomized trial (37) have previously demonstrated that CPAP use results in a decline in either cardiac deaths (34) , recurrent myocardial infarction (35) , revascularization procedures (35, 36) , mean arterial blood pressure (37) , or inflammatory biomarkers, such as C-reactive protein (37, 38) , in those with sleep stage-nonspecific OSA (occurring both during NREM and REM) and prevalent cardiovascular disease. However, the SAVE (Sleep Apnea Cardiovascular Endpoints) trial, a large, multicenter, randomized, controlled trial, examining the effects of CPAP therapy on secondary prevention of incident cardiovascular events, failed to find a favorable effect (39) . There are several plausible reasons explicating the lack of a therapeutic benefit in this latter study. First, the overall average CPAP adherence of 3.3 h/night noted in the SAVE trial is a possible limitation. Other studies have uncovered a more favorable treatment effect on cardiovascular outcomes when CPAP is used for 4 h/night or longer (40, 41) . However, subgroup analysis of the participants in the highest quintile of CPAP use (.5.6 h/night) showed no favorable impact on recurrent cardiovascular endpoints. Second, when subjective sleepiness determined by the Epworth Sleepiness Scale (ESS) is considered, the existing evidence suggests that CPAP therapy does not positively impact cardiovascular outcomes (42, 43) or incident hypertension (43) in patients who do not report excessive daytime sleepiness (ESS ,10). Participants in the SAVE trial did not, on average, exhibit daytime sleepiness, with both the treatment and control arms having baseline ESS scores of 7.3 and 7.5, respectively. Thus, it is possible that daytime sleepiness may have a differential influence on the association between CPAP therapy and cardiovascular outcomes. Third, it is conceivable that exposure to chronic intermittent hypoxemia seen with OSA results in pathophysiological derangements, such as inflammation, oxidative stress, and endothelial dysfunction (44) , that are irreversible in the setting of cardiovascular disease. Consequently, there may not be a notable response to CPAP therapy. In fact, experimental work by Polak and colleages (45) has shown that the metabolic derangements associated with intermittent hypoxemia were not reversed after cessation of the hypoxic exposure and were associated with persistent disruption of glucose homeostasis. A similar effect may be seen in those with cardiovascular disease and concurrent OSA. Finally, REM sleep-specific OSA may just be a marker and reflect greater underlying cardiovascular risk. There are several strengths and limitations of the current investigation that warrant discussion. The large sample size from a community-based population makes the findings more generalizable and germane. The cohort was representative of both sexes, and included the full spectrum of REM-related OSA severity. Limitations include the potential of residual confounding by very mild OSA during NREM sleep and the small sample size in those with both prevalent cardiovascular disease and severe REM sleep-specific OSA. Despite these limitations, the results herein stand to fill existing knowledge gaps on the association between OSA occurring exclusively during REM sleep and incidence of cardiovascular events. In conclusion, the current investigation shows an independent association between REM sleep-specific OSA and recurrent cardiovascular events in those with prevalent cardiovascular disease. Future work on this topic should take into consideration concepts such as duration and reversibility of disease and potential effect modification by other comorbid conditions. n
